Identification of the fungus Tremella as a consistent fourth component of wolf lichens further challenges the conventional view of lichen symbiosis as a mutualistic interaction between two players.
Lichens, along with corals and rootdwelling fungi, are traditionally presented as quintessential models for mutualistic interactions [1] . These systems are often depicted as stable two-player interactions between a phototroph and a heterotroph, in which fixed carbon, produced by the phototroph, is exchanged for metabolites, water, and physical housing fashioned by the heterotroph. However, recent studies have shown that many macrolichens (that is, those lichens possessing leaflike, hair-like, or shrubby structures) are consistently composed of not one, but two fungal heterotrophic players: an ascomycete and a basidiomycete [2] , in addition to a phototrophic algal partner. Yet in a further twist, work reported in this issue of Current Biology complicates the matter once again by demonstrating that wolf lichens -Letharia vulpina, the yellow-green macrolichens found throughout Europe and western North America -are composed of an alga and at least three fungal heterotrophs: an ascomycete and two phylogenetically distinct basidiomycetes [3] .
This newly identified second basidiomycete partner is a member of the Tremella fungi. Such fungi had previously been found to form gall-like structures -composed of polarised cell forms known as hyphae -associated with these lichens [4] (Figure 1A ,C). These hyphal cells were described as being representative of a parasitic infection, and the gall was interpreted as an invasive tissue resulting in fitness costs to the lichen [5] . In the new study, Tuovinen et al. [3] first used an untargeted genomesequencing approach that sampled total DNA from wolf lichens to identify a signature of Tremella-like genes in lichens that had no evidence of galls. The authors' interest was piqued and thus a largescale survey of wolf lichens was undertaken, making use of samples from across North America and Europe. This work revealed that 273 (86%) of the samples studied consistently demonstrated the presence of Tremella fungal genes within the wolf-lichen DNA samples.
The authors went on to develop specific DNA fluorescent probes to identify and image the arrangement of Tremella fungal cells relative to the other basidiomycete, ascomycete and algal cells within the body of the lichen. These images demonstrate not only the presence of Tremella outside of the gall as a yeast form (a non-polarised fungal cell, roughly spherical in shape), but also that Tremella yeasts were interspersed with both the ascomycete and the other basidiomycete ( Figure 1B ). Such mixing was widely present throughout the cortex (the outer layers of the main body structure) of the entire lichen ( Figure 1A,B ). In the few instances where gall-like structures were present, the authors found that Tremella had switched from a yeast to a hyphal form, with hyphae enmeshing the lichenassociated algae in a manner resembling the ascomycete ( Figure 1C ). In short, the algae in wolf lichens were found to be surrounded by a choir of at least three evolutionarily distinct fungal species.
Lichens and other photo-symbioses are established based on the biological function of the players. Specifically, algae leak fixed carbon (sugars and polyols) produced by photosynthesis, and the fungi processes metabolites including nitrogen and phosphate sources in the extracellular environment [6, 7] . Such functions generate an environment awash with valuable public goods allowing symbiotic interactions to flourish. These ecosystems are therefore widely amenable to the incorporation of additional 'players' and it is therefore predictable that complex communities would develop around such interactions. Indeed, analogous systems such as plantmicrobe root interactions have also been consistently shown to be comprised of multiple players [8] [9] [10] . What is exciting here is that the recent studies focusing on macrolichens demonstrate the occurrence of what appear to be stable, complex fungal-fungal and fungal-algal multi-player interactions across both wide geographical areas [3] and evolutionarily divergent lichen systems [2] .
Symbiosis, in the classic sense of the word, covers a wide range of stable multi-species interactions from mutualisms (where benefit is derived for all partners) to parasitism (where one partner benefits to the detriment of the other). A key question is therefore: do these fungi all contribute to the mutual benefit by singing the same tune [11] ? Or is there discordance between the participants? Similar cryptic interactions between basidiomycetes and ascomycetes in specific lichen symbioses may present a spectrum of phenotypic outcomes, from no significant impact (neutralism) to improved fitness (commensalism) to genuine parasitic behaviour [5] . In this system, the authors argue against the idea that Tremella in the lichen cortex are parasitic because they see no fungalfungal haustoria (slender projections used to penetrate tissues) that typify one fungus feeding from another. Rather, they see the Tremella cosying up to algae in a physical association more typical of algal-fungal interactions seen in natural and synthetic lichen symbioses ( Figure 1C ). Herein lies the mystifying conundrum of this work [3] -what is the nature of this four-player interaction and is it in any way classifiable under the standard sub-definitions of symbiosis (mutualism, parasitism, et cetera)? Indeed, there is a large and growing body of thought that suggests that most symbiotic interactions do not easily fall into one sub-definition (for example, [12, 13] ) and that any classifiable interaction is transitory in nature, with change in status driven by a number of factors such as environmental conditions, community composition, and nutritional status [10] [11] [12] [13] [14] [15] [16] [17] [18] . These striking examples include numerous insect [13] [14] [15] and protist [16] [17] [18] symbioses.
In light of the new work [3] , there is now tentative evidence that Tremella forms a neutral or commensal yeast interaction in the lichen cortex and tentative evidence of parasitism with the development of hyphae-containing gall structures. The more localized hyphal interactions of Tremella with algae bear a resemblance to Dispatches those between the ascomycete and the alga -indeed, the nature of the latter relationship has long been debated as to whether it is parasitic or mutualistic [19] . Given that establishing the basis and metabolic currency of lichen symbiotic interactions has proven challenging [2, 19, 20] when studied as binary twoplayer systems, attempts to understand lichen biology will be further complicated by the realization that all four players are likely interacting in a transitory manner, varying their function across 'symbiotic classifications'. Perhaps we should therefore stop thinking about symbiosis from the perspective of how we classify the interaction. A better approach may be to think about symbiosis as a choir of functions, signal dependent and dynamic in nature, with both 'positive' and 'negative' functions being undertaken by a range of players at different times as environmental factors vary. We think that appreciation of the dynamic economies of these interactions will greatly improve our ability to study these increasingly complex multi-player systems.
Connectomics, the reconstruction of neuronal wiring diagrams via electron microscopy, is bringing us closer to understanding how brains organize behavior. But high-resolution imaging of the brain can do more. A new study now provides insights into how neuronal circuits develop.
Many of us know the fruit fly Drosophila melanogaster as a troublesome companion that can be found on overripe fruits in our kitchens and living rooms.
But this little animal can do much more than just disturb our daily wellbeing. Drosophila has been heavily used to address fundamental questions in developmental biology and genetics [1, 2] . Today, Drosophila serves as a model organism in neuroscience and modern brain research [3] , even in its earlier,
